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Lentiviral expression of glial cell-line derived neurotrophic factor 
(GDNF) in the striatum was shown to prevent neurodegeneration and promote 
the sprouting of remaining dopaminegic fibers in both rat and primate 
models of Parkinson's disease (PD). Since continuous GDNF expression may 
cause serious side effects we used tetracycline-inducible system (TET) to 
control its expression. Two vectors, one carrying GDNF under control of 
inducible tetO promoter and the other encoding for tetracycline 
transactivator (tTA) were unilaterally injected into rat 
striata, followed by doxycycline (dox) administration. A 100-fold 
induction of GDNF expression was observed in a group that did not receive 
dox as compared to intact animals. However, significant, non-specific 
transgene expression was observed in striata of dox treated animals. In 
order to overcome this limitation, tTA was exchanged for a tetracycline 
transrepressor (tTR-KRAB) . While, tight transgene repression was observed 
in the absence of dox in the group, of rats intrastriatally injected with 
two vectors, tetO-mediated transcription in the presence of dox yielded 
only low. GDNF expression. Consequently, we developed a strategy allowing 
conditional repression of strong murine PGK promoter 
via a dox-controllable tTR-KRAB binding to tetO. Importantly, by 
expressing GDNF as a part of bicistronic unit together with tTR-KRAB and 
inserting tetO sequences into LTRs, we incorporated the TET/repressor 
system into a single vector. The major advantage of single vector design 
is regulation of transgene expression in every transduced cell in vivo. 
Transduction of cell lines with constructed lentivector resulted in tight 
and efficient regulation of GFP marker and GDNF protein. GDNF expression 
is presently tested in vivo. Due to its simplicity and efficacy, single 
vector design holds the most promise and may facilitate clinical 
application of GDNF-based gene therapy for PD. 
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AB BACKGROUND: Tetracycline-regulated systems have been used to control the 
expression of heterologous genes in such diverse organisms as yeast, 
plants, flies and mice. Adaptation of this prokaryotic regulatory system 
avoids many of the problems inherent 'in other inducible systems. There 
have, however, been many reports of difficulties in establishing 
functioning stable cell lines due to the cytotoxic effects of expressing 
high levels of the tetracycline transactivator, tTA, 
from a strong viral promoter. RESULTS: Here we report the 
successful incorporation of tetracycline-mediated gene expression in a 
mouse mammary epithelial cell line, HC11, in which conventional approaches 
failed. We generated retroviruses in which tTA expression was controlled 
by one of three promoters: a, synthetic tetracycline responsive 
promoter (TRE) , the elongation factor 1-alpha promoter 
(EFlalpha) or the phosphoglycerate kinase-1 promoter ( 
PGK) , and compared the resulting cell lines to one generated using 
a cytomegalovirus immediate early gene promoter (CMV) . In 
contrast to cells produced using the CMV and PGK promoters, 
those produced using the EFlalpha and TRE promoters expressed high levels 
of beta-galactosidase in a tetracycline-dependent manner. CONCLUSIONS: 
These novel retroviral vectors performed better than the commercially 
available system and may have a more general utility in similarly 
recalcitrant cell lines. 
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Tetracycline-regulated systems have been used to control the 
expression of heterologous genes in such diverse organisms as yeast, 
plants, flies and mice. Adaptation of this prokaryotic regulatory system 
avoids many of the problems inherent in other inducible systems. There 
have, however, been many reports of difficulties in establishing 
functioning stable cell lines due to the cytotoxic effects of expressing 
high levels of the tetracycline transactivator, tTA, 
from a strong viral promoter. Results: Here we report the 
successful incorporation of tetracycline-mediated gene expression in a 
mouse mammary epithelial ceil line, HC11, in which conventional approaches 
failed. We generated retroviruses in which tTA expression was 
controlled by one of three promoters: a synthetic tetracycline responsive 
promoter (TRE) , the elongation factor 1-alpha promoter 
(EEla) or the phosphoglycerate kinase-1 promoter ( 

PGK) , and compared the resulting cell lines to one generated using 



SOURCE: 
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DOCUMENT TYPE: 
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a cytomegalovirus immediate early gene promoter (CMV) . In 
contrast to cells produced using the CMV and PGK promoters, 
those produced using the EFlct and TRE promoters expressed high 
levels of p-galactosidase in a tetracycline-dependent manner. 
Conclusions: These novel retroviral vectors performed better than the 
commercially available system and may have a more general utility in 
similarly recalcitrant cell lines. .COPYRGT. 2002 Kenny et al; licensee 
BioMed Central Ltd. 
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AB A region upstream from the mouse c-mos proto-oncogene, termed upstream 
mouse sequence (UMS) , prevents expression of mos transforming 
activity. Previous studies suggested that the UMS prevented 
transcription readthrough. ^In this study, we constructed a recombinant 
DNA clone, pHTS3MS, with the UMS inserted downstream from both 
the mos gene and a truncated long terminal repeat containing only the U3 
enhancer region. In this position UMS did not inhibit mos 
transforming activity. We examined cells transformed by pHTS3MS for RNA 
expression. SI nuclease analysis showed that the UMS provides 
two polyadenylation signals to mos-containing RNA and nuclear run-on 
transcription showed that the primary transcripts terminate in UMS 

In addition, using portions of the UMS, we found that a 
360-bp fragment containing the UMS polyadenylation signals and . 
sites inserted between the herpes simplex virus type 1 (HSV-1) thymidine 
kinase gene (tk) and its promoter inhibits tk transforming activity by 99 
and prevents detectable expression of this construct in transient 
expression assays. . Thus, the UMS must contain signals for 
polyadenylation and appears to function as a transcription terminator. 
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AB Although the molecularly cloned mouse c-mos oncogene locus can be 

efficiently activated by insertion of a retroviral long terminal repeat 
(LTR) 5 ' to its coding region, only low-frequency transformation occurs 
with the LTR element inserted 3 1 to this region. Analysis of several of 
the latter transformed cell lines suggested that loss of 2 kilobases (kb) 
of normal mouse DNA sequences preceding c-mos was required for oncogene 
activation. The determination of the transforming potential of deletion 
mutants containing only portions of this region followed by analysis of 
their nucleotide sequences identified a region termed upstream mouse 
sequence (UMS) as a cis-acting locus that prevents c-mos 
activation by a 3' LTR. The UMS region is approximately 1 kb in 
length and is located 0.8-1.8 kb upstream from the first ATG in the open 
reading frame of c-mos. Insertion of UMS 5' to the v-mos coding 



region also prevents 3' LTR enhancement of its transforming activity, but 
this inhibition is position dependent and functions only when inserted 
between v-mos and its putative promoter. The results presented here 
suggest that UMS may function to regulate c-mos proto-oncogene 
expression and may explain the lack of detectable c-mos transcripts in 
normal mouse cells. 
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Developments in transgenic technology have greatly enhanced our ability to 
understand the functions of various genes in animal models and relevant 
human diseases. The tetracycline ( tet) -regulated 

transactivation system for inducing gene expression allowed us to control 

the expression of exogenous genes in a temporal and quantitative way. The 

ability to manipulate a cell-specific promoter enabled us to 

express one particular protein in a single type of cell. The combination 

of a tetracycline system and a tissue-specific promoter has led 

us to the development of an innovative gene expression system, which is 

able to express genes in a cell type-specific and time- and 

level-controllable fashion. An oligodendrocyte-specif ic myelin basic 

protein (MBP) gene promoter controls the reversed tet 

-inducible transactivator . The green fluorescent protein (GFP) gene was 
placed under the control of the human cytomegalovirus (CMV) basic 
promoter in tandem with seven tet- responsive elements 

(TRE) , binding sites for the activated transactivator. Upon the addition 
of doxycycline (DOX, a tetracycline derivative) , tet 

transactivators became activated and bound to one or more TRE, leading to 
the activation of the CMV promoter and the expression of GFP in 
oligodendrocytes. We have successfully expressed GFP and luciferase at 
high levels in oligodendrocytes in a time- and dose-dependent fashion. In 
the absence of DOX, there was almost no GFP expression in oligodendroglial 
cultures. Graded levels of GFP expression were observed after induction 
with DOX (0.5 to 12.5 microg/ml) . Our data indicate that this inducible 
gene expression system is useful for the study of gene function in vivo 
and for the development of transgenic animal models relevant to human 
diseases such as multiple sclerosis. 
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AB Mice lacking the beta2 subunit of the nicotinic acetylcholine receptor 
(nAChR) lack high affinity nicotine binding sites and show behavioral 
differences compared to their wild type siblings in learning and 
reinforcement paradigms. Using a tetracycline regulated 
system we have generated mice expressing the beta2 subunit in the 
brain in a regionally and temporally specific manner. Crossing different 
tet-transactivator lines with tetracycline regulated 

beta2 lines- and beta2 knock out mice results in distinct patterns of nAChR 
expression in the brain. We have characterized multiple lines of mice 
with different patterns of nAChR expression using equilibrium binding with 
radio-iodinated analogs of the nicotinic agonists epibatidine and A85380. 
We have generated mouse lines that express the beta2 subunit predominantly 
in the thalamus and cortex, with some expression in the hippocampus, as 
well as lines with expression restricted to a small subset of thalamic and 
mammillary nuclei. Analysis of other lines is in progress. Expression of 
these receptors can also be regulated temporally. Expression 
was eliminated by treating the animals with doxycycline. Preliminary 
experiments showed that restoration of beta2 subunit expression in the 
thalamus and cortex rescued the baseline change in passive avoidance 
behavior seen in knock out mice. Expressing the beta2 subunit of the 
nAChR in a restricted manner will allow us to pinpoint the anatomical 
sites for nicotine's actions in different behaviors. 
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AB We have used the tetracycline ( tet ) -regulated system 

as described previously to evaluate the applicability of controlled gene 
expression in cancer gene therapy. As a model gene, we used the human 
interleukin-2 (IL-2) gene, which has been placed under the transcriptional 
control of the tetO/promoter . Human melanoma cells were 
transduced by two modified retroviral tet vectors containing the 
transactivator regulatory unit and the IL-2 gene driven by the tetO/ 
promoter, respectively. In the absence of tet, IL-2 

expression in the target cells was stable over several months. IL-2 
production was in the range of 40 U/106 cells/24 hours. A fine tuning of 



IL-2 expression could be achieved by culturing the transduced cells with 

increasing doses of tet, whereby a concentration of 500 ng/mL 

tet in the culture medium abrogated IL-2 expression. Most 

importantly for clinical application, IL-2 expression by the transduced 

melanoma cells could also be regulated in vivo. When nu/nu mice 

were inoculated with the transduced tumor cells, they failed to develop 

tumors. Instead, the inhibition of IL-2 expression in the transduced 

tumor cells by oral administration of tet led to subcutaneous 

tumor growth; this growth rate was comparable with the growth rate of 

subcutaneously inoculated untransduced parental cells. The finding 

demonstrates the applicability of the tet~regulated 

system in cancer gene therapy. 



